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| CASE REPORT
A 20 year old female with type 2 spinal muscular atrophy, wheelchair dependence, and chronic respiratory failure requiring tracheotomy and ventilator support presented with one day of left lower extremity swelling following prolonged car travel. A duplex venous ultrasound revealed an extensive deep vein thrombosis (DVT) extending from the external iliac to the common peroneal vein. She was started on anticoagulation with enoxaparin (1 mg/kg/dose with anti-Xa activity monitoring to achieve a therapeutic range). One month after initiation of anticoagulation she was seen in the emergency room for worsening symptoms. A repeat ultrasound revealed maturation of her known thrombi but a right lower extremity examination discovered an asymptomatic DVT of the right common femoral vein. Due to a second event while on anticoagulation and her ongoing immobility, the decision was made to continue her on indefinite anticoagulation. Given the potential risk of osteopenia with long term exposure to heparins, and patient preference to avoid laboratory monitoring and injections, she was switched to rivaroxaban (15 mg daily). After initiation of anticoagulation with enoxaparin, the patient had noted mild hair loss.
Immediately following the transition to rivaroxaban, she reported a significant increase in diffuse hair loss, and approximately 50% of her total scalp hair-bearing area became hairless within a month of starting the medication. Hair loss was reported to be spontaneous as well as secondary to manipulations, such as brushing. This resulted in significant thinning and multiple bald spots averaging 2 cm in diameter. Due to patient distress regarding the new onset alopecia, she was transitioned to fondaparinux (2.5 mg daily with anti-Xa monitoring). Following this change, she immediately noted less hair loss and over time had complete hair regrowth. Due to preference for an oral anticoagulant, a trial of apixaban (2.5 mg twice daily) was attempted which again resulted in rapid hair loss, resolving upon transition to fondaparinux. Fondaparinux was then replaced with the direct thrombin inhibitor dabigatran (initially 75 mg twice daily, then increased to 150 mg twice daily in order to achieve detectable anti-IIa activity). She tolerated this medication for approximately 10 months before noting a decrease in lower extremity hair growth, followed by return of major spontaneous hair loss from her scalp. At that time her anti-IIa activity was detectable and slightly lower than the previous determination, and her kidney function was unchanged. Given this, she was transitioned back to fondaparinux, which she continues to tolerate without any signs of hair loss (clinical course illustrated in Figure 1 ).
| DISCUSSION
The hair growth cycle is comprised of three stages. The first stage is growth or anagen phase, during which hair grows continuously due to vigorous mitotic activity in the matrix. This typically lasts months to years and the duration of this phase determines the length. This stage is followed by a catagen phase during which the hair matrix cells undergo apoptosis. Growth ceases, there is shortening of the follicle, and mature hair moves upwards toward the scalp where it enters the telogen or rest phase. 1 This final stage lasts approximately 3 months and during this period the hair rests in anticipation of shedding by mechanical forces or replacement by newly growing follicles. Between 85% and 90% of hair at any given time is in the anagen phase with 9-14% in the telogen phase and 1% in the catagen phase. There is significant variability between individuals with regards to the proportion of hair in and length of each phase. involving the scalp, in 40% of patients on warfarin. 6 It does not appear that age, duration or dosage are risk factors 6 and diffuse, but reversible alopecia usually begins a few weeks after initiation.
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Warfarin does not affect the intermediate (catagen) phase but instead forces follicles to enter the shedding (telogen) phase too early.
Based on the timing and presentation of the hair loss reported, it has been proposed that telogen effluvium is the likely process by which alopecia occurs. 9 Loss has been described with the use of rivarox- ) include reports from 1968 to the present. Madarosis is loss of eyelashes or eyebrows. Other symptoms include abnormal hair growth, abnormal hair patterns, hair color changes, abnormal hair texture, trichorrhexis (weak points along hair shaft predisposing to breakage). and one associated with dabigatran were found within the French Pharmacovigilance Database. 11 Our patient also experienced hair loss following the initiation of rivaroxaban although the symptom occurred rapidly after initiation, more suggestive of anagen effluvium. Heparin is known to possess some antimitotic activity 12 which may support this hypothesis. Other mechanisms may also be involved as heparin has been shown to increase dermal-epidermal cohesion in rats 13 as well as to have inhibitory effects on hair growth. 14 On the adverse drug reaction probability scale developed by Naranjo et al 15 16 so perhaps it is not surprising that this ultimately caused alopecia as well in our patient, despite a long lag time.
Interestingly, enoxaparin and fondaparinux had the fewest reports, although this could reflect frequency of usage. 16 Fondaparinux is a very small heparin derivative (a simple pentasaccharide). The common side effects of larger heparins, such as heparin-induced thrombocytopenia and osteopenia are reduced with decreased molecular weight, [17] [18] [19] which also might partially explain the differential effects in our patient.
In summary, we have found that anticoagulant-induced alopecia occurs with multiple agents, although the mechanisms remain unclear.
We initially hypothesized that this could have been dose-related as levels were monitored while on enoxaparin, fondaparinux, and dabigatran, but not on apixaban and rivaroxaban. However, eventual alopecia following dabigatran suggests that this is not the complete explanation. Additionally, this case demonstrates that the effects are quickly reversible and we were able to find a regimen that served our patient's needs, while avoiding the concerning side effect. Further study is required to determine whether this effect is dose-related, or linked to patient specific factors.
